Background: There are limited data on the incidence of cardiovascular disease among cancer patients in the pre-tyrosine kinase inhibitor (TKI) era. Such data are important in order to contextualize the incidence of various cardiovascular outcomes among cancer patients enrolled in clinical trials of new agents and for postmarketing surveillance. Methods: A retrospective cohort study was conducted using data from the Kaiser Permanente Northern California (KPNC) population of cancer patients. The inclusion criterion was a KPNC Cancer Registry diagnosis of any of several selected solid and hematologic tumors between 1997 and 2009 not treated with a TKI. Endpoints were identified using ICD-9 codes and included acute coronary syndrome, heart failure, stroke, cardiac arrest, hypertension, venous thromboembolism, all-cause mortality, and cardiovascular mortality. Event rates were calculated according to type of cancer and number of cardiovascular risk factors. Results: The study included almost 165 000 individuals with a broad variety of tumor types. The parent cohort was 54% female and 35% were ≥70 years old.
| INTRODUCTION
With the advent of new chemotherapy agents, cancer patients are surviving longer but experiencing increased morbidity and mortality from cardiovascular disease. The number of cancer survivors in the United States has grown to over 10 million 1 and there are limited data on the prevalence and incidence of cardiovascular disease in this population. [2] [3] [4] [5] [6] [7] Chemotherapy agents, including increasingly popularized tyrosine kinase inhibitors (TKIs), may have cardiotoxic effects 8, 9 but limitations of clinical trials (sample size, followup time) and post-marketing surveillance studies have made it difficult to determine to what extent the newer agents increase cardiovascular risk above the background level. The objective of this study was to quantify the incidence rates of cardiovascular outcomes among patients diagnosed with different types of cancer in the pre-TKI and bevacizumab treatment era.
| METHODS

| Data sources
Kaiser Permanente Northern California (KPNC) is an integrated health program that included 3.2 million members at the time of this analysis. KPNC provides comprehensive care to its members, has high member retention rates (more than 80% at 10 years postcancer diagnosis), and is thus uniquely positioned to study cancer treatment, outcomes, and survivorship. The membership's demographics closely resemble the underlying census population of Northern California. 10 Data were combined from a variety of KPNC research databases, including a cancer registry which includes specific cancer diagnoses, stages, and treatments.
| Study population
For this study, patients were identified with selected solid tumor (excluding non-melanoma skin cancer) and liquid tumor cancer diagnoses between 1997 and 2009 from the cancer registry. Patients with gaps in membership greater than 12 months, unknown cancer stage, or treatment with either a TKI or bevacizumab were excluded from the analysis. The timeline used for cohort inclusion, covariates, and outcomes is shown in Figure 1 
| Risk factors for cardiovascular disease
Cardiovascular risk factors of interest included: hypertension (ICD-9 codes 401.0, 401.1, 401.9), hyperlipidemia (ICD-9 codes 272.0, 272. 1, 272.2, 272.4) , diabetes mellitus (ICD-9 codes 250.0-250.9, 250.0-250.3), and a history of coronary artery disease (ICD-9 code 414). The code of interest was required to be present between 1/1/1996 and the day before the cancer diagnosis (see Appendix Table S1 for coding details).
| Demographic and clinical characteristics
Demographic factors and clinical characteristics such as smoking status, history of heart failure, and types of cancer treatment received were obtained from KPNC research databases (see Appendix Table S1 for coding details).
Primary endpoints were required to occur after the cancer diagnosis and included the following: Acute coronary syndrome (ACS, ICD9 codes 411. Table S1 for the detailed endpoint coding methodology.
Incidence rates of cardiovascular outcomes were also stratified by the type and number of risk factors (ie no risk factors, hypertension, hyperlipidemia, diabetes mellitus, two risk factors, three risk factors, and prior coronary artery disease).
| Outcome adjudication
At least 100 cases with each of the cardiovascular outcomes were assessed by chart review to evaluate the accuracy of ICD-9 coding. The chart review process included charts from throughout the study's 13-year follow-up period. An initial pilot phase was completed and the medical abstractors received feedback from the investigators, resulting in optimization of the coding algorithm. In addition, the sensitivity of the coding algorithm was assessed by reviewing 250 charts which had no coding evidence of any cardiovascular outcomes.
| Statistical analysis
The incidence of each cardiovascular endpoint was measured as the rate per 1000 person-years occurring at any time after the cancer diagnosis. Using the score interval technique, 11 95% confidence limits were calculated for each rate. The rates of all-cause and cancer-related mortality were also calculated for the larger solid tumor cohort. Next, incidence rates were calculated for each specific solid and liquid tumor of interest. Patients experiencing one endpoint were not excluded from the analysis of the other endpoints such that any individual could be counted as having more than one endpoint.
| RESULTS
| Overview of cohort
The study population included 156 610 with solid tumors and 8036 with liquid tumors. Figure 2 illustrates the impact of the inclusion and exclusion criteria. The distribution of specific cancer types is shown in Table 1 .
The demographic and clinical characteristics of the study's solid and liquid tumor cohorts are shown in Tables 2 and 3 , respectively. The study population had a broad age distribution with a mean age of 62. The study cohort was 54% female and included significant African-American, Asian, and Latino populations. The cohort included a broad range of cancer severity and over 15% of the patients with solid tumors had distant metastases at the time of diagnosis. The patients received multidisciplinary cancer treatments including surgery, chemotherapy, radiation therapy, and/or immunotherapy.
| Cardiovascular endpoints stratified by cancer type
The incidence rates of cardiovascular endpoints according to individual cancer types of interest are shown in Table 4 . ACS was most common in patients with small cell or non-small cell lung cancer. Heart failure and hypertension occurred at a high rate across the spectrum of cancer types. Deep venous thrombosis and pulmonary embolism endpoints were particularly common in patients with lung cancer.
| Cause of death
The all-cause mortality rate among the patients with solid tumors was 74.7 deaths per 1000 person-years ( Table 5 ). The majority of these deaths were attributed to cancer (54.2 deaths per 1000 person-years) and a minority were coded as CV deaths (7.6 per 1000 person-years). 
| Cardiovascular endpoints according to risk factor profile
The effects of different cardiovascular risk factors on the incidence rates of the various study outcomes are shown in Table  6 . Hypertension, hyperlipidemia, diabetes mellitus, and a history of established coronary artery disease (CAD) were associated with endpoints related to atherosclerosis: ACS, heart failure, ischemic stroke, and cardiovascular death. The effects of these risk factors on the rates of DVT, pulmonary embolism, and hemorrhagic stroke were less marked. Table 6 also demonstrates increasing incidence rates for some outcomes as the number of cardiovascular risk factors increases. For example, the rate of ACS was 12.4 cases per 1000 person-years in the absence of any risk factors, 22.3 with two risk factors, 34.1 with three risk factors, and 50.4 with a prior history of CAD. There were much smaller differences observed for the venous thromboembolic outcomes, for which atherosclerosis is not a causative mechanism. The incidence of new-onset hypertension did not increase with the number of cardiovascular risk factors as previous hypertension was an exclusion criterion for this endpoint.
| Endpoint adjudication results
A total of 1052 charts were reviewed, including at least 100 cases for each cardiovascular endpoint. The confirmed endpoint diagnosis rates (true positive rates) ranged from 76% to 91%. The true positive rates for the coding algorithm were stable over time. For the 250-patient sample without coded outcomes, chart review confirmed the absence of an outcome in 98% of cases.
| DISCUSSION
This analysis offers a comprehensive description of the incidence of cardiovascular outcomes among patients with multiple cancer types. Hypertension and heart failure occurred in high rates among patients with all the cancer types whereas ACS and thromboembolic events occurred most frequently in lung cancer patients. The risk of hemorrhagic stroke was especially high in patients with liquid tumors such as acute and chronic myeloid leukemia. Mortality was common, but a minority of deaths occurred due to cardiovascular causes. Finally, the incidence rates of cardiovascular outcomes were higher among patients with increasing numbers of cardiovascular risk factors.
| Comparison with current knowledge
This study showed that new-onset hypertension was common among patients with cancer; this is not surprising since hypertension has been reported to occur at rates of 10%-40% among cancer patients, depending on the type and dose of treatment. 12, 13 Variations in reported hypertension rates may be related to the pathophysiology of different cancer types, variable detection and documentation of previously undiagnosed disease during periods of intensive medical observation, specific treatments used for each cancer, differing rates of comorbidities, and varying study follow-up times. Prior studies suggest that there is an increased risk of vascular disease such as stroke and ACS among cancer patients. [14] [15] [16] [17] [18] In this study, this was particularly evident in lung cancer patients, who had a particularly high incidence of stroke, consistent with prior studies. 15 In comparison, an older (1996-1999) KPNC cohort study of patients with COPD reported an incident stroke rate of approximately 8 per 1000 person-years versus 17 (non-small cell) to 23 (small cell) per 1000 personyears among patients with lung cancer in this study. 19 A prior KPNC study of population trends in myocardial infarction rates reported an incidence of 2.9 per 1000 person-years in 1999 which decreased to 2.1 by 2008. Those rates are low compared to what was observed in the lung cancer population in this study: 34.5 ACS (unstable angina plus MI) cases per 1000 person-years among patients with non-small cell cancer and 48.1 among those with small-cell cancer. 20 Tumor embolism, cerebral metastases, cerebral infections, coagulation disorders, and therapeutic-side effects all may contribute to cerebrovascular events and ACS in cancer patients. 16, 17 In this study, heart failure endpoints were common, regardless of cancer type, ranging from 9.4 to 78.7 cases per 1000 person-years. In comparison, a prior KPNC cohort study of patients with diabetes mellitus reported a HF incidence of 4.5 to 9.2 per 1000 person-years. 21 In some of the cancers included in this analysis, such as breast cancer and non-Hodgkin's lymphoma, cardiotoxic medications such as anthracyclines, daunorubicin and doxorubicin, are first line treatments. 5 In a prior study of 700 breast cancer patients taking anthracyclines, 52 cases of treatment-induced cardiomyopathy occurred. 22 Other studies reported a 5-year cumulative risk of cardiac events including systolic dysfunction and clinical heart failure of 19%-20% in non-Hodgkin's lymphoma patients. 23, 24 The cardiotoxicity of anthracyclines partly occurs due to the production of free radicals and reactive oxygen species (ROS) in response to tumor injury resulting in mitochondrial DNA and myocyte damage. 23, 24 
| Causes of mortality in the study cohort with solid tumors
The incidence rate of cardiovascular mortality was 7.60 per 1000 PY vs. 54.15 per 1000 PY for cancer-related mortality. Notably, the mean number of days from cancer diagnosis to death was higher in those experiencing cardiovascular mortality compared to cancer-related mortality (1398 vs T A B L E 4 (Continued) 614 respectively). Due to competing risks, it is reasonable to presume that patients with very aggressive cancers experience cancer-related mortality sooner than cardiovascularrelated mortality and thus a substantial number of patients with the potential to develop cardiovascular disease were censored from the analysis. However, the number of cancer survivors is expected to increase by approximately 70% until the year 2040 25 and as survival time increases, the number of patients succumbing to cardiovascular disease is also likely to increase. 4 One prior study reported late cardiotoxicity in 30% of patients 13 years after initiation of cancer treatment. 25 
| Risk factors for cardiovascular outcomes
This study shows a trend towards an increased incidence of cardiovascular outcomes among cancer patients with one or more cardiovascular risk factors, a novel finding compared with prior studies which focused on individual risk factors. 22, 26 A history of CAD was associated with the highest incidence rates of the cardiovascular outcomes of interest.
| Strengths
The strengths of this study include a large sample size, a long follow-up period, a robust endpoint adjudication process, and generalizability to the local population. Another strength is the use of data from a cancer registry which provides unbiased population data regarding cancer treatments and survival.
| Limitations
This was a retrospective cohort study with intrinsic limitations including missing data, censorship of patients who are lost to follow-up, and difficulties in comparing outcome timing and variables such as cancer treatment timing. The study was conducted using a cohort of patients selected from 1997 to 2009. However, this cohort was intentionally chosen to quantify the rates of cardiovascular outcomes among cancer patients before the use of newer therapeutic agents. Additionally, it is unclear to what extent KPNC cancer and cardiovascular treatments are generalizable to other health care systems though generalizability may be superior in comparison with studies from academic and/or tertiary care centers.
| CONCLUSIONS
The rates of cardiovascular outcomes among cancer patients included in this analysis were high, regardless of cancer type. Although a majority of deaths during the study period were due to cancer-related causes, it is important to note that death from cardiovascular causes occurred later after cancer diagnosis, which may be explained by the late effects of therapy-related cardiotoxicity on cancer survivors. Furthermore, cardiovascular events appeared to occur more commonly in cancer patients with increasing numbers of cardiovascular risk factors and, in particular, a prior history of CAD. Future research is warranted to investigate the role of early cardiovascular screening and the use of cardio-protective agents in reducing cardiovascular-related complications in cancer patients.
